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r571 ABSTRACT 
A solar pumped laser has its lasing path lengthened by 
forming a square loop in the lasing path by means of 
bending mirrors. Solar radiation is collected and con- 
centrated into a donut shaped intensity pattern. This 
intensity pattern is directed onto the lasing path such 
that there is a maximum fit of the solar intensity pattern 
to the square loop laser cavity. 
16 Claims, 1 Drawing Figure 
https://ntrs.nasa.gov/search.jsp?R=19860019732 2020-03-23T07:27:12+00:00Z
U.S. Patent 
0 
M 
M 
Jun 10,1986 4,594,720 
1 
4,5 94,720 
2 
LONG GAIN LENGTH SOLAR PUMPED BOX 
LASER 
ORIGIN OF THE INVENTION 
The invention described herein was made by an em- 
ployee of the United States Government and may be 
manufactured and used by or for the Government for 
governmental purposes without the payment of any 
royalties thereon or therefor. 
BACKGROUND OF THE INVENTION 
The invention relates generally to lasers and more 
particularly to solar pumped gas lasers. 
The conversion of solar radiation into laser light has 
application in space power transmission where long 
transmission distances are encountered. To make this 
conversion, solar radiation is collected in space by a 
large reflector and then focused on a laser cavity con- 
taining an appropriate lasant such as c3F.11. The result- 
ing laser energy is then beamed to user for onboard 
electrical and propulsion needs. Gas lasers are particu- 
larly suitable for high power operation since the gase- 
ous lasant is nondestructible and waste heat removal is 
straightforward. 
Previous solar pumped gas laser systems have been 
limited to laser gain lengths of less than 10 centimeters, 
which requires very high solar concentrations to 
achieved lasing. Further, when such high solar concen- 
trations are required, lasing is susceptible to spatial vari- 
ations in the input solar radiation pattern thereby caus- 
ing instabilities in the laser beam profile. 
An object of this invention is to provide a long gain 
length solar pumped laser suitable for use in space 
power transmission. 
Another object of this invention is to provide a solar 
pumped laser that requires lower solar concentrations 
to achieve lasing thereby making the laser less suscepti- 
ble to spatial variations in the input solar radiation pat- 
tern and the laser beam profile more stable, and also less 
pyrolysis of the lasant material. 
A further object of this invention is to lengthen the 
lasing path of a solar pumped laser and concentrating 
the collected solar radiation such that its intensity pat- 
tern matches the lengthened lasing path. 
Other objects and advantages of this invention will 
become more apparent hereinafter in the specification 
and drawing. 
SUMMARY OF THE INVENTION 
This invention is a solar pumped laser including a 
laser cavity containing the lasing medium, three dielec- 
tric mirrors internal to the laser medium, a mirror with 
maximum reflectivity external to the laser medium, and 
a mirror with finite transmission external to the laser 
medium. The three internal mirrors and two external 
mirrors are located such that the path of any lasing 
inside the laser cavity forms a square with the output 
laser beam being emitted through the external mirror 
with finite transmission. The square path provides the 
long gain length for the laser. The laser cavity has two 
glass windows opposite one another to allow for the 
input of solar radiation. Solar energy is collected and 
concentrated such that a cross-section of the intensity 
pattern has a donut shape. This radiation is directed into 
the laser cavity through each of the opposing glass 
windows. The solar intensity pattern closely overlaps 
the square lasing path within the laser cavity except at 
~~ 
the comers of the cavity where the mirrors are located. 
Thus, the majority of the lasing path is exposed to con- 
centrated solar radiation thereby reducing the solar 
concentrations necessary to produce stable lasing. 
BRIEF DESCRIPTION OF THE DRAWING 
The sole Figure is a schematic drawing of the inven- 
5 
tion. 
10 DETAILED DESCRIPTION OF THE 
INVENTION 
Turning now to the embodiment of the invention 
selected for illustration, the number 11 in the drawing 
designates a square frame for a laser cavity 12. Frame 11 
can be made from any suitable material such as, for 
example, stainless steel. The front and back sides of 
frame 11 are covered by quartz glass plates 13 and 14 
respectively. Suitable O-rings, not shown, are inserted 
between glass plates 13 and 14, and frame 11 to provide 
2o a vacuum seal. Brewster angle windows 15 and 16 are 
mounted over openings in the upper right-hand comer 
of frame 11. Three dielectric mirrors 17, 18, and 19 are 
attached to three internal comers of frame 11 and are 
aligned with Brewster angle windows 15 and 16 such 
25 that a light beam passing inwardly through window 15 
will be reflected by mirror 17, mirror 18, and mirror 19 
through window 16 and a light beam passing inwardly 
through window 16 will be reflected by mirror 19, 
3o mirror 18 and mirror 17 through window 15. A back 
cavity mirror 20 having maximum reflectivity (approxi- 
mately 100%) at 1.3 pm, for example, is located outside 
cavity 12 adjacent window 15 such that a light beam 
passing outwardly through window 15 will be reflected 
35 back through window 15. An output laser cavity mirror 
21 having a reflectivity of approximately 85% is located 
outside cavity 12 adjacent window 16 such that a light 
beam passing outwardly through window 16 will be 
partially reflected back through window 16. A laser 
4o gas, for example C3F71, is pumped into cavity 12 
through a pipe 22 and is expelled through a pipe 23 to 
radiators (not shown) to be cooled. 
Whenever there is sufficient solar radiation passing 
through windows 13 and 14 to cause the laser gas inside 
45 cavity 12 to lase, the lasing will take place between 
mirrors 20 and 21 along a square path 24. Inasmuch as 
mirror 21 is only 85% reflective there will be some 
beam transmission 25 through the mirror 21 which is 
the output of the laser. 
The apparatus for collecting solar radiation and ap- 
plying the radiation to the box laser includes two large 
reflectors 30 and 30a having central holes 31 and 31a 
These two large reflectors are supported by a platform 
32 and struts 33 and 33a The solar radiations striking 
55 reflectors 30 and 3Oa are reflected onto mirrors 34 and 
3 4 ~  which reflect the collected radiation through holes 
31 and 31a, respectively. Since reflectors 30 and 30a 
have central holes the solar intensity patterns 35 and 35a 
of the solar radiation reflected through holes 31 and 31a 
60 are “donut” shaped. That is, a cross section of the solar 
intensity patterns is the area between two concentric 
circles. The solar intensity patterns 35 and 35a are re- 
flected by mirrors 36 and 36u onto windows 13 and 14, 
respectively. The solar intensity patterns are adjusted so 
65 that they tit the laser 1s cavity path 24 as nearly as possi- 
ble. The size of the solar intensity patterns can be ad- 
justed by adjusting the divergence of the patterns at 
mirrors 34 or 34a or by adjusting the angles of mirrors 
50 
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36 and 36u. Inasmuch as the solar intensity patterns are 
fitted to square path 24, most of the solar radiation is 
concentrated throughout the lasing path except in the 
corners where the mirrors are located. Hence, there 
will be no excessive overheating of the internal mirrors. 5 
Alternate forms of the invention include appropriate 
gases other than C3F7I as the lasant medium. The inter- 
nal dielectric mirrors could be arranged differently 
depending upon the input solar radiation intensity pat- 
tern. Also, any number of mirrors could be arranged 
to form a symetrical loop path having n+ 1 sides. How- 
ever, when n is greater than three there could be more 
heating of the mirrors thereby requiring active cooling. 15 
In addition, the external laser cavity mirrors could also 
from the Brewster angle windows. 
The advantages of the present invention are numer- 
ous. It will find great utility in space power transmission 2o 
where long transmission distances are encountered. The 
size of the laser cavity provides the necessary area to 
develop a long gain length laser. The concentrating and 
matching of solar input pattern to lasing path provides 
a solar Pumped box laser requiring relatively low input 25 
solar concentration thereby making the system less 
susceptible to variations in solar input resulting in a 
more stable laser beam profile. 
means for concentrating the collected solar radiation 
into donut shaped intensity pattern; and 
means for directing the concentrated solar radiation 
pattern into said lasing path such that there is a fit 
between said loop and said donut shaped intensity 
pattern . 
9. A solar pumped laser according to claim 6 wherein 
said means for providing a lasing path with a loop in- 
cludes mirror 
said loop is a square and said mirror means consists of 
three mirrors with each mirror located at a corner of 
said square. 
9. A long gain length solar pumped laser comprising: 
an enclosure with first, second, and third windows 
for forming said loop. 
tern to allow efficient coupling to the input solar pat- lo A pumped laser according to claim 9 wherein 
and containing a lasing medium; 
side said enclosure adjacent said first window; 
a second mirror with finite transmission located out- 
side said enclosure adjacent said second window; 
mirror located inside said enclosure for direct- 
ing any lasing inside said enclosure back and forth 
between said first and second mirrors and for 
lengthening the path of the lasing; and 
means for collecting solar energy and directing the 
collected solar energy through said Ehird window 
into said lasing medium to cause it to lase whereby 
the output of the laser is the transmission through 
said second mirror. 
IO. A long gain length solar pumped laser according 
to claim 9 wherein said mirror means is located such 
that the path of any lasing inside said enclosure forms a 
closed loop. 
111. A long gain length solar pumped laser according 
112. A long gain length solar pumped laser according 
to claim 11 wherein said mirror means is three mirrors 
with each located at a comer of said square and with the 
fourth comer Of said square formed by the intersection 
40 of the reflections from said first and second mirrors. 
13. A long gain length solar pumped laser according 
the claim IO including a fourth window in said enclo- 
sure and wherein said means for collecting solar energy 
and directing it through said third window includes 
45 means for directing the collected solar energy through 
said fourth window into said lasing medium. 
14. A long gain length solar pumped laser according 
to claim 10 wherein the solar intensity pattern of said 
solar energy directed through said third window 
medium Of said laser by making the path in the 50 closely matches said path of said closed loop except 
where said closed loop contacts said mirror means. form of a closed loop; 
15. A long gain length solar pumped laser according 
to claim 14 wherein said solar energy is directed 
through said third window with a solar intensity pattern 
55 in the shape of the area between two concentric circles 
be mounted thereby reducing Optical loss a first mirror with maximum reflectivity located out- 
What is claimed is: 
1. A method for improving the efficiency of a solar 30 
increasing the length of the lasing path of said laser by 
collecting solar radiation; 
concentrating the collected solar radiation into a 35 to claim 10 wherein said closed loop is a square. 
donut shaped solar intensity pattern; and 
directing the concentrated solar radiation into said 
lasing path loop such that a maximum amount of 
the solar radiation is applied directly to said lasing 
path. 
pumped laser comprising the steps of: 
forming a loop in the lasing path; 
2. A method according to claim 1 wherein the con- 
centrated solar radiation is applied to the lasing path 
loop in two directions. 
3. A method according to claim wherein said loop 
is a square. 
4. A method for pumping a laser comprising the steps 
Of: 
lengthening the path of the lasing within the lasing 
collecting solar energy; 
shaping the solar intensity pattern of the collected 
the form Of said energy to 
path; and 
that a maximum amount of the solar energy is ap- 
plied to said path. 
9. A method according to claim 4 wherein said closed 
6. a solar pumped laser with increased efficiency 
means for providing a lasing path with a loop in the 
means for collecting solar radiation; 
directing the shaped solar energy into said Path such and said closed loop is in the shape of the area between 
two concentric squares. 
16. A long gain length solar pumped laser according 
to claim 15 including a fourth window in said enclosure 
60 opposite said third window wherein said means for 
collecting solar energy and directing it through said 
third window includes means for directing the collected 
energy through said fourth window into said lasing 
loop is a square. 
comprising: 
path; medium. * * * * *  65 
